Estimates of dry and wet deposition of sulphur and nitrogen were compared with critical loads of sulphur and nitrogen in the Czech Republic on 1 ×1 km grid. Deposition was estimated from monitored and modelled concentrations in the atmosphere and in precipitation where the most important acidifying compounds are sulphur dioxide, nitrogen oxides and ammonia, and their reaction products. Wet deposition was derived from concentration values for SO 4 , NO 3 and NH 4 in precipitation and from precipitation amounts. Dry deposition was derived from concentrations of gaseous components and aerosol in the air, and from their deposition velocities. A simple mass balance model was used to calculate critical loads of sulphur and nitrogen. The annual average value of total (potential) acid decreased from 4,147 to 2,185 mol H + /ha/year between 1991 and 2000. A reduction in total sulphur and nitrogen (total potential acid) deposition by about 60% would protect 98% of the area of sensitive forests.
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High concentrations of air pollutants have been observed in the Czech Republic for a long time. These pollutants cause and accelerate acidification of forest soils. Spatial distribution of damaged forest ecosystems exhibits too a serious causal relation between high values of air pollutant concentrations and the forest ecosystems. Sulphur dioxide, nitrogen oxides, ammonia and their reaction products are very important acidifying components in the Czech Republic. To evaluate the potential influence of a wide variety of acidifying components on the forest ecosystems it is necessary to know the locality where the actual atmospheric deposition of acidifying components exceeds the critical load. Critical load is a quantitative estimate of the exposure to one or more pollutants below which no significant harmful effects on specified sensitive elements of the environment occur according to our present knowledge (NILSSON, GRENNFELT 1988) . The working plan for the implementation of the UN ECE Convention on Long-Range Transboundary Air Pollution (LRTAP) includes the production of maps of deposition, critical loads and exceedances as a basis for developing potential abatement strategies for sulphur and nitrogen. In this respect, accurate estimates of actual deposition onto vegetation, soil and water surfaces became an important topic in the Czech Programme on Acidification (ZAPLETAL , 1996 (ZAPLETAL , 1998a (ZAPLETAL ,b, 2002 SKOŘEPOVÁ et al. 1997 SKOŘEPOVÁ et al. , 2001 SKOŘEPOVÁ et al. , 2003 .
MATERIAL AND METHODS

Acid atmospheric deposition
The following acidifying components were considered in this study: sulphur dioxide (SO 2 ), nitrogen oxides (NO, NO 2 ), nitric acid (HNO 3 ), ammonia (NH 3 ), sulphates (SO 4 ), nitrates (NO 3 ) and ammonium (NH 4 ) in aerosol, air and precipitation, respectively. One mole of SO 2 can form two equivalents of acid, one mole of NO x or NH 3 can form one equivalent of acid (ERISMAN et al. 1989 
Wet deposition
For this study, the database of the Air Quality Information System of the Czech Republic was used (ČHMÚ 1992 (ČHMÚ , 1995 (ČHMÚ , 1999 (ČHMÚ , 2000 (ČHMÚ , 2001a . The concentrations of SO 4 , NO 3 and NH 4 in precipitation collected by monitoring stations were available. Precipitation at these stations was collected by the bulk method (samplers are exposed continuously and samples are therefore enriched with dry deposition) and by the wet-only method (an automatic collection of precipitation excluding the contribution of dry deposition). Correction factors were applied to correct the dry deposition in precipitation collected by the bulk method (ZAPLETAL 2002) .
The total potential acid wet deposition of nitrogen and sulphur compounds estimated in this study is:
Total potential acid (wet deposition) = = 2 SO 4 + NO 3 + NH 4 (2)
Annual average wet deposition of SO 4 , NO 3 and NH 4 for each 1 × 1 km grid in the territory of the Czech Republic in 1991, 1994 and 2000 was computed as the product of annual average concentrations of SO 4 , NO 3 and NH 4 in precipitation and of annual precipitation amounts.
Dry deposition
Dry deposition fluxes were estimated from measured concentrations of gases and aerosol particles in air multiplied by the corresponding deposition velocities:
where: F -the deposition flux of the component per unit area (e.g. m 2 , ha), V d -the deposition velocity of the component, C(z) -the concentration of the component at a height z above the ground.
The concentrations of sulphur dioxide (SO 2 ), nitrogen oxides (NO x ) and dust aerosol are routinely monitored and evaluated in the Czech Republic. For this study the databases of the Air Quality Information System of the Czech Republic (ČHMÚ 1992 (ČHMÚ , 1995 (ČHMÚ , 1999 (ČHMÚ , 2000 (ČHMÚ , 2001a were used. Annual average concentrations of NO x and SO 2 computed from daily measurements were interpolated using Kriging technique on a 1 × 1 km resolution grid. Annual average concentrations of NH 3 , HNO 3 , sulphate aerosol (SO 4 ), nitrate aerosol (NO 3 ) and ammonium aerosol (NH 4 ) in the territory of the Czech Republic for the years 1991, 1994 and 2000 were taken from the EMEP-LRTAP model (TUOVINEN et al. 1994; BARRETT et al. 1995; VES-TRENG, KLEIN 2002) at 150 × 150 km or 50 × 50 km resolution.
Deposition velocity for gases was calculated using the resistance analogy (ZAPLETAL 1998b (ZAPLETAL , 2002 from meteorological and land use data. Deposition velocity for particles was obtained by parametrization of friction velocity for low vegetation according to WESELY et al. (1985) and for forests according to ERISMAN (1992) .
Because monitoring stations for concentration monitoring C(z) of gaseous components and aerosol in the atmosphere are not distributed evenly over the territory of the Czech Republic, the concentration data had to be interpolated to 1 × 1 km grids covering the total territory. Annual average value of dry deposition D was calculated from annual average concentration C(z), annual average deposition velocity V and time t in a 1 × 1 km grid resolution.
Critical loads of nitrogen and sulphur
Methodology of critical loads of nitrogen and sulphur is based on the mass balance of hydrogen ions in forest soils providing steady state mass balance, which cause acidification and which occurred acidification neutralize (POSCH et al. 1995) . The simple mass balance method summarized in CCE Status Report 1995 (POSCH et al. 1995) was used to calculate sulphur and nitrogen critical loads for forest soils in the territory of the Czech Republic. The values of weathering rates were derived from the soil type (SKOŘEPOVÁ et al. 1997) . Soil types and soil texture characteristics were taken over from maps at a 1:500,000 scale (SKOŘEPOVÁ et al. 1997) . The data on the basic cation deposition were provided by the CCE from the European background database (SKOŘEPOVÁ et al. 1997 ).
RESULTS AND DISCUSSION
Wet deposition
The annual average total wet deposition of sulphur and nitrogen compounds (SO 4 , NO 3 and NH 4 ) was estimated in the Czech Republic for 1991 at 1,248 mol H + /ha/year, for 1994 at 1,229 mol H + /ha/year and for 2000 at 1,038 mol H + /ha/year. The annual average precipitation amount and annual average wet deposition of sulphur and nitrogen compounds (SO 4 , NO 3 and NH 4 ) and total potential acid in 1994 and in 1998 in the Czech Republic are presented in Table 1 .
The annual average wet deposition of SO 4 , NO 3 a NH 4 did not change very much between 1991 and 2000. The resultant wet atmospheric deposition values are affected by annual average concentrations of components in precipitation and annual precipitation amounts. Significance of annual precipitation amounts is evident mainly in mountain areas where the highest levels reach up to 1,800 mm.
Dry deposition
The annual average total dry deposition of sulphur and nitrogen compounds (SO 2 , SO 4 , NO x , HNO 3 , NO 3 , NH 3 and NH 4 ) was estimated in the Czech Republic in 1991 at 2,899 mol H + /ha/year, in 1994 at 2,014 mol H + /ha/year and in 2000 at 1,147 mol H + /ha/year. The annual average dry deposition fluxes of sulphur and nitrogen compounds and total potential acid in the Czech Republic in 1991, 1994 and 2000 are presented in Table 2 .
In the period 1991 to 2000 a remarkable decrease in the annual average of gaseous SO 2 deposition can be observed. 
Total deposition
The annual average total deposition of sulphur and nitrogen compounds in the territory of the Czech Republic was computed as the sum of the annual averages of wet deposition and dry deposition. Spatial distribution of total deposition of SO x on a 1 × 1 km grid in 1991 and 2000 is shown in Fig. 1 . Total deposition of SO x is influenced by the emissions from large industrial sources in the north-west and north-east part of the Czech Republic and Prague region. A decrease in total deposition of SO x in 1991 to 2000 was caused by the abatement of SO 2 emissions in the Czech Republic and in the countries of Central and Western Europe (VESTRENG, KLEIN 2002) . A tendency of a decrease in total deposition of SO x is especially apparent in the most loaded regions of the north-west and north-east part of the Czech Republic and Prague region. A trend of a decrease in gaseous deposition of SO 2 is much more obvious than that of wet deposition of SO 4 .
Spatial distribution of total deposition of nitrogen (NO y + NH x ) on a 1 × 1 km grid in 1994 and 2000 is shown in Fig. 2 . Total deposition of NO y is influenced by the emissions from agglomeration areas of high combustion (industry, traffic and heating/fuel consumption) and, to lesser extent, by emissions from A decrease in total deposition of SO x from 1991 to 2000 (Table 3 ) was caused by the abatement of SO 2 emissions in the Czech Republic (Table 4 ) and, to a lesser extent, in the countries of Central and Western Europe.
Exceedances of critical loads of nutrient nitrogen and acidity
Total deposition of nitrogen (NO y + NH x ) was compared with critical loads of nutrient nitrogen and exceedances were evaluated. Fig. 4 documents the exceedances of critical loads of nutrient nitrogen in 1994 and 2000.
In 1994, critical loads of nutrient nitrogen were exceeded on 100% of the total forested area while in 2000 it was on 99%.
Total potential acid deposition was compared with critical loads of acidity and exceedances were evaluated. Fig. 5 documents the exceedances of critical loads of acidity in 1994 and 2000.
In 1994, critical loads of acidity were exceeded on 98% of the total forested area while in 2000 it was on 93%. The decrease corresponds to the trends of dry deposition of sulphur dioxide.
Information on the spatial distribution of atmospheric deposition rates and critical loads can be used to estimate the impact of potential changes in atmospheric deposition rates. We estimate that a 60% reduction in total nitrogen deposition (NO y + NH x ) compared to 2000 would protect 55% of the forested area in the territory of the Czech Republic (Fig. 6a) . We estimate that a 60% reduction in combined sulphur and nitrogen deposition compared to 2000 would protect 98% of the forested area in the territory of the Czech Republic (Fig. 6b) . (Fig. 1) and total potential acid deposition (Fig. 3) in these regions at this time.
CONCLUSIONS
Oxidized nitrogen species (NO y ) contributed by about 23% in 1991 and 30% in 2000, and reduced nitrogen species (NH x ) contributed by about 21% in 1991 and by 38% in 2000 to the total potential acid deposition in the Czech Republic. Wet deposition contributed by 30% in 1991 and by 48% in 2000 to the total potential acid deposition in the Czech Republic.
The annual average exceedance of critical loads for nitrogen decreased from 1,213 to 858 mol H + /ha/ year and the annual average exceedance of critical loads for acidity decreased from 1,731 to 733 mol H + /ha/year in the Czech Republic between 1994 and 2000. In comparison with the exceedances of critical loads for nitrogen and acidity observed in 1994, the absolute values of exceedances have generally decreased throughout the Czech Republic, and the regional number of exceedances has changed significantly. While the highest exceedances were located in the northwest part of the country in 1991 (Krušné hory Mts.), in 2000 these were located in central parts of the Czech Republic. A reduction in current total deposition of nitrogen (NO y + NH x ) by about 60% compared to 2000 would protect 55% of sensitive forests. A reduction in current total sulphur and nitrogen deposition by about 60 % compared to 2000 would protect 98% of sensitive forests. 
